This study investigates the mangaba residue (Hancornia speciosa Gomes) and used as a substrate for the production of enzymes by semi-solid fermentation (SSF) using Aspergillus niger. The physical-chemical and bioactive attributes of mangaba bagasse and its extracts were addressed. Polyphenols concentrations of 564.1 ± 0.047 mg of gallic acid / g of oil and Total Antioxidant Activity -TCA of 95.46 ± 1.58 mg ascorbic acid / g ethanolic extract were found. In addition to the higher enzymatic production of lipase (50.11 ± 0.02 U / g) and pectinase (0.45 ± 0.01 U / g) through SSF.In general, in comparison with other similar residues and other works the results presented by the mangaba residue are relevant because it is an inexpensive raw material with potential added value to be exploited for the production of enzymes by fermentation in solid substrate using A Niger and extraction of antioxidant compounds.
In world fruit production, Brazil stands out as the third largest producer with around 5.0% of world fruit production. Of note is that they are annually more than 43 million tons, according to the Brazilian Association of Producers Exporters of Fruits and Derivatives 1 (Abrafrutas, 2019). Because of the large production and growing fruit industrialization and consumption, an increase in the number of agro-industriesinstalled in the country has been occurring, generating a strong growth in the production of agroindustrial residues of vegetal origin 2 (LOUSADA JUNIOR et al., 2005) .Therefore, the deeper knowledge and added value for these by-products is of fundamental importance to minimize the environmental impacts, besides allowing a greater economic interest of them 3 (SOUSA et al., 2011) .In this way the use of agroindustrial residues has been increasing, especially those of vegetal origin, such as residues of fruit pulp, coffee leaves, cassava bagasse, soybean meal, sugar cane bagasse, etc. Thus, several biotechnological processes have been developed to use these materials in the production of enzymes, alcohol and organic acids, generating products of great economic and environmental value 4 (ISRAEL, 2005) . The characterization of the residues produced by the agroindustries is important because there are variations in their composition, which depend on the type of fruit to be processed, and this by-product may consist of shells, seeds, lumps and even pulp 5 (MATIAS et al. 2005) .The use of agroindustrial residues does not only consist in the reuse of these as animal feed or organic fertilizer, these are currently the main applications given to these by-products.As an example of an agroindustrial residue of vegetable origin with great biotechnological potential, it is possible to mention the residue of mangaba that is the fruit of the mangabeira.The mangabeira (Hancornia speciosa Gomes) is a fruit tree belonging to the family Apocynaceae, native to Brazil and occurs in the Central-West, Southeast, North and Northeast regions of the cerrado and caatinga 6 (VENTURINI FILHO, 2010). According to the Brazilian Institute of Geography and Statistics 7 (IBGE, 2017) the production of mangaba (fruit) in Brazil in 2017 was about 1022 tons, this production can cause a great environmental impact, because of this total, approximately 77.0% is destined to the processing, generating a great volume of residue that is not used in human food. In addition, approximately 67.63 kg / h of residue is produced during fruit processing 8 (PERFEITO et al., 2015) . The mangaba has the potential to increase its production due to the climatic conditions of the country and prospects for the industrialization of new products of this fruit 9 (CLERICI & SILVA, 2011).The residue derived from the mangaba processing is rich in nutrients such as proteins, fibers and fatty acids 10 (BEZERRA JÁCOME, 2014). Studies have shown that solid-state fermentation (SSF) allows the use of these residues for the production of biomolecules of interest, mainly enzymes 11, 12 (RAHARDJO et al., 2005; ALBANO, 2012) .Defined as the microbial development process on the surface of solid materials SSF is a suitable and inexpensive alternative to producing enzymes such as cellulases, xylanases and pectinases 13, 14 (SANTOS., 2007, El- Bakry et al, 2015) and other biomolecules such as organic acids 15 ; aromas 16 (UENOJO, 2007), vitamins, ethanol and bioherbicides 17 (MORAES et al., 2007) .Thus, agricultural residues and those derived from biorefineries offer a wide range of possibilities as components of culture media in the production of enzymes and other higher value-added and lowcost biomolecules 18, 19 (SORENSEN et al., 2011; BORIN et al., 2015) .The residues derived from the processing of mangaba, largely seeds, are rich in nutrients such as proteins, fibers, minerals and fatty acids 20, 21 (SOUZA & AQUINO, 2012; DO NASCIMENTO et al., 2015) .Some studies reported in the literature to use this residue for protein enrichment for animal feed 23 (VIEIRA, 2007) as well as the use of mangaba seeds for the production of bio-oil 24 (SANTOS, 2014) . In this context, the present study aims to evaluate the potential of the mangaba (Hancornia speciosa Gomes) processing residue for the production of phenolic compounds and antioxidants, from its phenolic extract,as well as to evaluate the production of lipases and pectinases by the fungus Aspergillus niger IOC 4003 in solid state fermentation (SSF) using this residue as substrate.It should be noted that the oil present in this residue was extracted, characterized by fatty acid profile and antioxidant power (phenolic and total antioxidants).
MATERIAL AND METHODS
The mangaba processing residue (Hancornia speciosa Gomes) used was donated in two distinct lots by Sterbom Indústria e Comércio Ltda (Fruit pulp) located in Macaíba (RN) in the northeastern region of Brazil and one of them was used only for the extraction of the oil and its characterization.Upon receipt, the residue was washed and oven dried at 70 ° C for 48 hours. Then they were ground in a knife mill (Willye type mill, TE-680, Tecnal, Brazil), sieved at 48mesh strainer and stored in a plastic container at room temperature (25 °C) . Figure 1 below illustrates the proposed scheme for the use of the Mangaba residue (Hancornia speciosa Gomes) in the present study.
Physical-chemical characterization of mangaba residue
The mangaba residue was characterized in terms of cellulose, hemicellulose, lignin, ash, moisture, carbohydrates and extractives according to NREL 24, 25 (National Renewable Energy Laboratory -USA) (SLUITER et al., 2008 , SLUITER et al., 2012 .In addition to these analyzes, the residue was also evaluated for Kjeldahl method 26 (AOAC, 2005) and fibers using the gravimetric-enzymatic method (using ANKOM extractor).
Extraction stages
The mangaba residue was submitted to oil extraction 26 (AOAC, 2005) and ethanolic extraction 27 .
Extraction of oil from mangaba residue
To extract the oil from the mangaba residue, a Soxhlet extractor was used and the solvent hexane (70ºC for 7 hours). The solvent was evaporated in a rotary evaporator (Solab, model SL-126) to obtain the final oil.Afterwards, acidity, peroxide, refraction and saponification analyzes were performed, as well as the moisture content and free fatty acids present in the oil.
Physical-chemical analysis in oil
In the oil of the mangaba residue, acidity and free fatty acids were analyzed according to MORETTO et al. (1998) 
Phenolic components of oil
T h e t o t a l p h e n o l i c c o m p o u n d concentration of the oil was determined using the methodology described by SINGLETON & ROSSI (1965) 30 .Thus, approximately 1.0 mL of the extract and 1.0 mL of Folin-Ciocalteau reagent were mixed. After 5 minutes 1.0 ml of a saturated solution of Na 2 CO 3 (35% solution in methanol) was added and the sample was then diluted to a final volume of 25 ml with methanol.The mixture was protected from light for 90 min before reading the absorbance at 725 nm using a spectrophotometer (SP-220 Bioespectro, Brazil).A calibration curve was generated using the gallic acid standard diluted in methanol at concentrations of 0.02 to 0.2 g / mL with 1 mL of Folin-Ciocalteau reagent.Calculation of the total phenolic content was expressed as mg of gallic acid / g of the sample.
Antioxidant activity
The antioxidant activity of the oil was determined using the methodology used by HERRERO et al. (2004) 31 .In this method, free radicals of DPPH (2,2-diphenyl-1-picrylhydrazyl) were neutralized with antioxidants in the extracts resulting in a decrease in absorbance at 516 nm.To effect the reaction, a solution of 0.0214 ± 0.0005 mg / mL DPPH in methanol was prepared and 3.9 mL of that DPPH solution was mixed with 0.1 mL of extract (sample / methanol) solutions with concentrations of 10 mg / mL to 0.5 mg / mL.The total volume of the reaction was 4 mL. The reaction was allowed to proceed for 4 hours at room temperature (~ 25 ° C).The absorbance was then determined at 516 nm using a spectrophotometer (Bioespectro SP-220, Brazil).The degree of discoloration indicates the scavenging efficacy of the extract, was calculated in terms of percent inhibition using Equation (1) 
Profile of total fatty acids
The identification of the fatty acid profile of the oil extracted from the mangaba residue was performed by gas chromatography (GC) using the SHIMADZU GC -2010 Plus AF chromatograph, which features a flame ionization detector and 100% dimethyl polysiloxane capillary column model RTX.The programming of the analysis was determined for a column temperature starts at 110 ° C ranging from 8 ° C per minute to 220 ° C. The temperatures used on the injector and detector were 220 and 240 ° C, respectively.The samples were injected in the volume of 1ìL, adopting the split ratio of 1:50. The trawl gas used was nitrogen with a linear velocity of 22.9 cm / s. The fatty acids present in the sample were identified by comparing the retention times of each component for the retention time of pure standards of fatty acid methyl esters injected into the chromatograph.
Ethanolic extraction and antioxidant compounds from mangaba residue
In order to recover antioxidant compounds from the mangaba residue, a previous ethanolic extraction was performed.Thus, 50.0g of the mangaba residue was weighed into a beaker and immersed in 500 mL of solution (1: 1) ethanol and water for 60 minutes at 60 ° C in a thermostatic bath.Agitating every 15 minutes. After this period the extract was filtered and stored at -10 ° C for further analysis of antioxidant compounds 27 .
Solid State Fermentation (SSF)
After characterization of the residue, it was used as substrate for the production of lipase and pectinase enzymes through SSF. The microorganism used was a filamentous fungus Aspergillus niger IOC 4003 belonging to the collection of the Osvaldo Cruz Institute and assigned to the Laboratory of Biochemical Engineering of the Federal University of Rio Grande do Norte (Natal-Brazil).The fungus was kept in test tubes with threaded lids contained sterile alone and stored at -18 ° C. The conidia were activated differently for the production of each enzyme.The activation of the microorganism for the production of pectinase occurred using a basic medium proposed by COURI (1993) 32 The cultivation was carried out in 250 ml Erlenmeyers, where 5.0 g of the mangaba residue (with a diameter of less than 48 mesh) was added to the moisture-corrected flasks, by adding supplementation of the substrate with the nitrogen source, adding 1% ammonium sulfate, 60% average humidity and 30 ° C temperature. A suspension of Aspergillus niger IOC 4003 spores of 1.0 x 10 6 spores / g of solid medium was used as inoculum for SSF.SSF was performed at 30 ° C for 120 h (5 days) in BOD. The cultivation conditions for lipase production were the same as those optimized by SOUZA & AQUINO (2012) 20 and for the production of pectinases were reported by COURI (1993) 32 .
Quantification of enzymatic activity and total proteins
The quantification of the enzyme was performed according to the following methods. For lipase the dosage of the hydrolytic activity was used, according to PAULA (2011) 33 from Equation (2): ... (2) WhereVb is the volume of the blank (L);Vais the volume of the sample (L);M is the molarity of the HCl solution, t is the incubation time (min) and m is the mass of the enzyme extract added (g).One unit of activity (U) was defined as the amount of enzyme that released 1 ìmol of fatty acid per minute under the assay conditions.
For pectinase activity was determined using 1.0% citrus pectin as substrate, according to MINJARES et al. (1997) 34 with the following modifications. The reaction mixture (1.3 mL) containing 0.8 mL of substrate (1.0%) and 0.5 mL of enzymatic extract diluted adequately in acetate buffer (0.5 M, pH 4.3) was incubated at 50 ° C for 30 minutes in a water bath.After incubation, 0.5 mL of DNS solution was added and the tubes were kept in boiling water for 10 minutes. After cooling, the developed color was read at 575 nm using a spectrophotometer (Termo Spectonic, Genesys 10 uv).One unit of pectinolytic activity corresponds to the amount of enzyme that liberates 1.0 ìmol of galacturonic acid per minute of reaction.
The total protein concentration estimated by the Bradford method (1976) 35 . The total protein content was quantified from a standard curve of BSA (bovine serum albumin) at concentrations in the range of 0.1 to 1 mg / ml at 0.1 mg / ml intervals. It used 0.5 ml samples of the defined concentrations was added 0.5 ml of Bradford reagent. The contents of all the tubes were shaken, immediately after stirring at room temperature the absorbance reading was carried out in a spectrophotometer at 595 nm.A standard curve correlating the absorbance values to the protein content was used to quantify the total protein concentration.
Statistical analysis
Statistical analysis were performed by using Statistica 7.0 software(Statsoft, USA) 36 using the Tukey test for three independent samples at 5% level of significance (p < 0.05).
RESULTS AND DISCUSSION

Physical-chemical characterization of mangaba residue
In the present study, the characterization of the mangaba residue (Hancornia speciosa) was carried out, as shown in Tables 1 and  2 .It is observed that the agroindustrial residue evaluated presents in its constitution lignocellulosic characteristics, that is, they have in their chemical composition predominance of cellulose (44.31%), hemicellulose (approximately 18%) and lignin (approximately 22.0%). When compared to the other lignocellulosic residues, the largest amount of cellulose present in the mangaba residue is found, which is interesting for the production of cellulases or glucose for the production of second-generation ethanol, within the context of a biorefinery.It was also observed a significant difference when compared with the results reported by Santos (2014) 23 ,such differences may be due to the variety of the fruit, influence of the cultivation site and, mainly, of the processing conditions to which the mangaba residue in the present study was submitted.
With respect to total protein content were found at residue mangaba 10.54 ± 0.03% it relates to the potential for degradation of the substrate, according to Teixeira et al. (2011) 42 the low protein content means that the biomass has a great potential for degradation, whereas, high concentrations of nitrogen limit the degradation of the lignin present in the material. Table 2 .
It is observed that the major nutrients were the fibers (approximately 47.0%), followed by lipids (approximately 22.0%). With respect to carbohydrate content found in the pulped waste mangaba (12.2 ± 0.5%) was lower than that reported by Souza &Aquino (2012) 20 , reported that the content of 58.66%.This difference is because the amount of carbohydrates has been calculated in total terms, including the alimentary fibers. Thus, when considering the fibers and carbohydrates (47.02 ± 0.91% of fibers + 12.2 ± 0.5% of carbohydrates = 59.22 ± 1.41%), the results obtained in the present study are consistent with the results already mentioned in [20] .
In relation to the ash content in mangaba seeds (1.5 ± 0.4%), the results found were slightly lower than those reported by Vieira (2007) 22 , which was 2.13% and Souza & Aquino (2012) 20 , which was 2.09%.It is noteworthy that this result is interesting for food purposes, because the organism limits its absorption.
Extraction of oil and its characterization
The oil extracted from the mangaba residue showed a yield of 22.3 ± 0.4%. This result is shown in the literature to seeds of fruits such as pomegranates (20.0%), orange (15.0%) and guava (12.3%) 38 40 for crude vegetable oils; however, for refined oils and fats the maximum peroxide value is 10 meq / kg.The value found for the oil of the mangaba residue was 10.6 ± 0.2 meq / kg. This shows that even without the refining process the peroxide content of the oil studied was very close to the legislation.
The observed result for the refractive index in the oil of the mangaba residue was 1.4653 at a temperature of 40 ° C. The refractive index is widely used as the criterion of quality and identity of the oils. This index can be used to control the hydrogenation process. The refraction of the oils is related to the degree of unsaturation being affected by factors such as free fatty acid content, oxidation and heat treatment 41 The result found for the saponification index in the studied oil was 489.7 ± 0.4 mg KOH / g. According to the Technical Regulation for determination of identity and quality of vegetable oils and fats 40 (BRASIL, 2005) , soybean and coconut oil have a saponification index ranging from (189-195 and 248-265 mg KOH / g), respectively.The saponification index is indicative of the length of the fatty acid chain that make up the oil, thus being specific to each oil.According to MORETTO et al. (1998) 28 the lower the molecular weight of the fatty acid, the higher the saponification index. In terms of food, the higher the saponification rate the better the oil for food. Therefore, the high values of this index presented in the studied oil, makes it interesting for food purposes.
The oil of the mangaba residue had a humidity of 4.6%. This value is high when compared to refined vegetable oils, which tend to have a zero moisture value. The refining process can remove the moisture. Figure 2 shows the chromatogram and Table 4 the Fatty acid composition of the oil of the mangaba residue (seed) (Hancornia speciosa). It is observed that the total amount of unsaturated fatty acids found for oil of the mangaba residue was 78.5%.Among the unsaturated fatty acids, the predominant acid in the oil of the mangaba residue was oleic acid (61.13 ± 0.12%) as shown in Table 4 .
Chromatographic analysis of oil
The quality and digestibility of edible oils are determined by the amount and composition of unsaturated fatty acids 43 (JORGE & LUIZA, 2012). The greater the amount of unsaturated fatty acids, the better the oil quality and digestibility. In this sense, it is interesting to observe the content of unsaturated fatty acids as well as their configuration in the molecule.
The polyunsaturated fatty acids are represented by the series omega 3 and omega 6, depending on where the double bond closest to the methyl end is positioned. Since the human body is unable to synthesize these fatty acids, they are called essential and must be obtained through diet 44 (MOURA, 2008) .The alpha-linonenic or COMMISSION, 2008) the oil of the mangaba residue (seeds) presented a quantity similar to that found in common edible oils such as sunflower this being a considerable aspect for the use of these oils for food purposes. Santos (2014) 23 reported the composition of fatty acids in the seed oil mangaba by GC / MS analysis where the fatty acids with greater abundance in the sample were octadecenoic acid (oleic) and hexadecanoic (palmitic).In this present study, the major fatty acids are oleic (61.1 ± 0.1%) and pentadecylic (19.6 ± 0.8%).Another author, Almeida (2008) 47 , characterized the mangaba seed oil found that the major fatty acids contained 10 to 24 carbons, and thus oleic acid (C18) and palmitic acid (C16). This fact is important because it is an essential fatty acid (omega 9), which participates in our metabolism, playing a fundamental role in the synthesis of hormones.The content of oleic acid present in different oils according to RAMALHO & SUAREZ, (2013) 48 as soybean oil (30.0%), grape seeds (28.0%), coconut oil or fat (10.0%) and peanut (72.0%) are less than the oil content of the mangaba residue (seeds).This information is relevant to justify the study of this new oil.
Total Phenolic Compounds (CFT)
The result obtained for the total content of phenolic compounds determined in the oil of the mangaba residue was 564.1 ± 0.047 mg of gallic acid / g of oil. It is noteworthy that Soong & Brarlow (2004) 49 found a content of 117 mg of gallic acid / g in mango seed extract.According to PERFEITO (2015) 8 , the mangaba pulp presented phenolic compounds content of 115.84 ± 0.075 mg gallic acid / 100 g fresh fruit. In the processing of the mangaba pulp the peels are incorporated into the pulp.According to Rodrigues et al. (2006) 50 the hydrophilic extract of Hancornia speciosa hulls constitutes an extremely complex mixture, being verified the presence of isoprenoid polymers (latex) and a large amount of condensed tannins. As related by Rodrigues (2007) 51 , the tannins, the chlorogenic acid and the catechins found in the bark helped to form the highest index of phenolic compounds in the pulp.The values of phenolic compounds found in the present study are higher than those found for similar fruit seed extract and the mangaba fruit itself.Indicating that the oil of the mangaba residue (seeds) may be an interesting possibility of application for food purposes.Since functional activity from phenolic compounds is desirable in foods.
Antioxidant activity of seed oil
There is currently no single method for determining the antioxidant activity in food of plant origin and its by-products, considering the various antioxidant mechanisms that may occur, as well as the diversity of bioactive compounds. Among the methodologies that have been used, the ones that use DPPH radicals (2,2-diphenyl-1-picryl-hydrazyl) are the most outstanding.
The ability to sequester the DPPH moiety was evaluated in of the oil of the mangaba residue at concentrations ranging from 0.5 to 10 mg / mL and were calculated in percentages.The color change in the solution is an important indicator of the presence of antioxidant activity in the reaction medium, as shown in Figure 3 .
According to Figure 3 , the standard solution has intense purple coloration (Figure 3b ).
After the reaction, the solution containing oil of the mangaba residue showed orange coloration (Figure 3a) , indicating the antioxidant activity. Although the antioxidant activity of the oils has been observed visually, it is important to quantify this antioxidant activity effectively.The results obtained from the quantification of the antioxidant activity of the oil showed that in all concentrations studied there was antioxidant activity. The results indicate an antioxidant activity above 70% for all concentrations ranging from 72-86%.The content of phenolic compounds present in the oil of the mangaba residue was (564.1 mg / g oil).
The antioxidant potential in relation to the DPPH radical and phenolic compound content were evaluated by Perfect (2015) 8 , which reported values of 91.99 (ìM TE / 100 g) and 46 .06 (mg of acic / 100 g).
Antioxidant properties ofethanolic extract
The industrial processing of mangaba pulp as well as other fruits includes several steps, such as mechanical extraction (maceration), filtration and freezing. The processing steps may result in oxidation, degradation, leaching or other events that reduce the content of bioactive compounds in processed fruits [52] [53] [54] , (NORA et al., 2014, TOMAS 55 .As well as Machado et al. (2015) 56 who studied the residue of blackberry (Rubus fruticosus L.) reporting antioxidant activity of 76.03 ìmol TE / g of fresh residue. As these are waste, these values are interesting from the point of view of reuse and use of cheap raw material.Some studies were carried out with the mangaba; Dutra (2017) 57 obtained for the frozen pulp an antioxidant activity of (1907.56 ± 102.43 ìmol TEAC 100 g -1 ) in the DPPH assay.For the value of total antioxidant activity (TCA), Lima et al. 2015(a) 58 reported that mangaba fruit showed the value of 182.58 mg / 100g.Thus, the value of AA present in the mangaba residue is promisingwhen compared to the pulp of the fruit allowing to verify that even though it is submitted to several processes, from the pulp to the residue, the antioxidant activity, although smaller, still persists.
Semi-solid fermentation and enzyme extract
Lignocellulosic biomass, such as agricultural residues and forest residues, has been recognized as a potential sustainable source of sugars for biotransformation in value-added biological products such as enzymes 59, 60 (HIMMEL et al., 2007; LI et al., 2008) .Therefore, the reutilization of the mangaba residue as a substrate for the production of pectinase and lipase by semi-solid fermentation using Aspergillus niger. The extract obtained was analyzed for the activity of each enzyme (AE) as well as total proteinsas exposed Table 5 .
In the present study, 0.45± 0.01 U / g and 50.01 ± 0.02U / g were obtained for pectinase and lipase respectively. The concentration of total proteins in the enzymatic extracts in the best condition were 0.255 ± 0.15 mg / mL in the pectinolytic extract and 0.548± 0.01 mg / mL in the lipolytic extract. 61 studied the use of lignocellulosic residues as a substrate for the production of enzymes through SSF and presented values of 4.18 U / g and 0.62 U / g for CMCase and FPase, respectively. Reinehr et al. (2014) 62 produced lipase by SSF using 85% soybean meal and 15% soybean husk as substrate and Aspergillus niger fungus and obtained maximal lipolytic activity of 45.49 U / g similar to that found in the present study.Similar work done by Damaso and coworkers [63] using corn bagasse as a substrate as inducer for 48 h of SSF yielded a lipase activity of 62.7 U/g.
CONCLUSION
The lignocellulosic residue of mangaba after extraction and characterization presented several possibilities of use with characteristics of industrial interest, being these physical-chemical of the oil, as a peroxide index, saponification and refraction that showed results close to those found for edible oils. The high concentration of total phenolics and important antioxidant activity present in the oil of the mangaba residue (seeds) indicate the great potential and the possible application for food in a functional way. Finally, it has potential to be used as a substrate for the production of enzymes such as pectinase and lipase by Aspergillus niger in SSF.
